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SUMMARY 

The subjects of this research grant are theoretical and experi- 

mental studies of the nature and characteristics of space-related 

plasma resonance phenomena, and are proceeding under the direction 

of D r .  F. W. Crawford. This is the first semi-annual progress re- 

port on the work and covers the period from May 1 to October 31) 1965. 
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I INTRODUCTION 

I n  recent years, t h e  rapid advance of space technology has made 

plasma regions such as the  ionosphere accessible  t o  d i r e c t  study, and 

has  opened t h e  way t o  wide-ranging s e r i e s  of experiments with space- 

probing vehicles .  I n  some cases, t he  da t a  have confirmed previous 

knowledge obtained by ground-based apparatus such as t ransmit ters ,  

receivers, spectrometers e t c . ,  and i n  others  have produced evidence of 

unexpected phenomena. The work car r ied  out s o  far under t h i s  contract  

stems from observations i n  the l a t t e r  c lass ,  and i s  r e l a t ed  t o  r e s u l t s  

obtained by the  Canadian top-side sounder s a t e l l i t e ,  "Alouette. 01-7 

The primary object ive of t h i s  launching i n  September 1962 was t o  

determine p a r t  of t h e  electron dens i ty  p r o f i l e  i n  t h e  ionosphere by 

Bouncing rad io  s igna l s  off it from above. 

w a s  a pulsed t ransmi t te r  of var iable  frequency. Apart from the  expected 

r e f l ec t ion  of i t s  s igna l s  from t h e  ionosphere, it was found t h a t  a t  

ce r t a in  d i s c r e t e  frequencies a pronounced r inging e f f e c t  occurred, 

l a s t i n g  f o r  many r f  periods a f t e r  the  end of t he  t ransmi t te r  pulse ,  It 

was found t h a t  t h e  frequencies involved corresponded extremely c lose ly  

t o  harmonics of t he  l o c a l  e lectron cyclotron frequency. 

Amongst t h e  equipment car r ied  

The or ig in  of t h e  resonances was a t  f i r s t  puzzling, s ince no 

cyclotron harmonic phenomena are predicted by t h e  l i n e a r ,  cold-plasma 

theory normally applied t o  ionospheric plasma propagation phenomena, 

and a search w a s  made t o  see whether any similar phenomenon had been 

observed and explained i n  laboratory plasma experimentation. A s  it 

happened, da ta  on ion and electron cyclotron harmonic noise emission, 

and absorption from magnetoplasmas had been accumulating s ince 195g9 
and i n  1963 it was suggested independently by Canobbio and Croci, 

Tanaka e t  al. j 9  t h a t  these might be expl icable  i n  terms of t he  w a r m  

magnetoplasma theory developed i n  the  l95O's and presented i n  f i n a l  

8 and 
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form by Bernstein i n  1958.l' This predicts ,  f o r  Bot21 e l e c t r o s t a t i c  add 

electromagnetic wavesg propagation "windows" located a t  t he  cyclotron 

harmonic frequencies. The existence of these  w a s  ve r i f i ed  a t  Stanford 

i n  ea r ly  1964 f o r  e l e c t r o s t a t i c  waves propagating perpendicular t o  t h e  

magnetic field.'' 

about t h a t  time showed t h a t  almost a l l  of t h e  r e s u l t s  could be readi ly  

explained by w a r m  magnetoplasma theory. Since then, a g rea t  many 

papers have been published i n  the  f i e l d .  

t o  i n  t h i s  repor t .  

repor t  on European t r a v e l  p a r t i a l l y  supportedby this'ITASA Research 

G r a n t .  

Careful examination of t h e  work car r ied  out up t o  

12 

Some of these w i l l  be re fer red  

About t h i r t y  others  have been summarized i n  a r ecen t  

13 

The broad object ives  of our current  research program a re  t o  repro- 

duce i n  the  laboratory the  main f ea tu re s  of t h e  warm magnetoplasma 

dispers ion re la t ions ,  including the  "Alouette" resonances, and t o  de- 

termine the  limits t o  which these can be made t o  agree with theory. I f  

t h e  accuracy can be made high, a whole new range of ionospheric diagnost ic  

techniques w i l l  be opened up for  such q w n t i t i e s  as magnetic f i e l d ,  

charged p a r t i c l e  densi ty  and temperature, and co l l i s ion  frequency. The 

de ta i l ed  object ives  w i l l  now be discussed i n  r e l a t i o n  t o  t h e  pro jec ts  

s tudied during the  report ing period. 

-2- 



II. CURFGNT RESEARCH PROGRAM 

A. THEORmICAL STUDIES OF CYCLOTRON HARMONIC WAVE PROPAGATION I N  PLASMAS 

Project No.  1308 - F. W. Crawford, R. Bruce, J. A. Tataronis 

Propagation in a warm magnetoplasma is described by Maxwell's 

equations in the form 

where the time variation Is as exp jut and the other symbols have 

their usual meaning. The space variation will be taken as exp( -2 _k*;) a 

The form of the plasma permittivity kensor, E is given, for example, 

by Stix,14 but here we shall be interested only in those terms required 

to describe the propagation of longitudinal modes (Ell&) For an 

isotropic plasma of temperature T solution of Eq. (1) yields the 

dispersion relation 

,I 

t) 

P 

14 

where kll and kl are the components of & parallel and perpendicular 

to the static magnetic field; CL) and w are the electron plasma and 

cyclotron frequencies; is a parameter replacing (k. R12 in which 

R is the Larmor radius or a particle with thermal energy [R = (KT/III)'/~/w ] 

P C 

1 , C 
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and An i s  defined by, 

n A 

f 

9 

( 3) 

and 

Undamped propagation i s  predicted perpendicular t o  the  magnetic 

f i e l d ,  according t o  the  dispersion re la t ion ,  

For oblique propagation (kjl # 0 , kl # 0) cyclotron and Landau 

damping w i l l  occur. 

A t  the  start  of our invest igat ions of cyclotron harmonic waves a t  

Stanford, i n  ea r ly  1964, under NSF sponsorship, t h e  only published 

numerical p l o t s  of t he  dispersion r e l a t i o n s  expressed by 

( 5 )  were those of Bernstein.” These were f o r  Eq. ( 5 )  and were e f f ec t ive ly  

of (w/ac) aga ins t  

e l ec t ron ic  Debye length [ ( KT/m)1/2/u, ] . In  ionospheric propagation 

experiments, where w and CD w i l l  remain fixed, it i s  more l o g i c a l  

t o  obtain p l o t s  of (&/ac) against  (klR) f o r  f ixed  (wQ/uC) . These 

were obtained using an in t eg ra l  form of Eq. ( 5 )  t o  f a c i l i t a t e  computation 

and a r e  reproduced i n  Fig. 1.l’ 

l i k e l y  t h a t  o) and u) w i l l  be f ixed as uC i . e . , , t he  magnetic f i e l d ,  

and ki a re  varied,  o r  t h a t  cue and w , i . e . ,  t h e  e lec t ron  densi ty ,  

Eqs. (2)  and 

(kl%) for f ixed ( k  R )  , where LD , i s  the  1 
P 

P C 

For laboratory experiments it is more 

P 2 
P 
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w i l l  be var ied f o r  f ixed LC, and k #  P lo t s  appropriate t o  sucn con- 

d i t i o n s  a re  reproduced i n  Figs. 2 and 3. 
I "  

Under the  present  contract ,  t h ree  extensions t o  the  above W O r K  a re  

envisaged. 

evident from Figs .  1 and 2 tha t  t he  group ve loc i ty  of t he  waves is  

general ly  small f o r  long and short  wavelengths, i .e. ,  small and l a rge  

The f i r s t  i s  a study of the  e f f e c t s  of co l l i s ions .  It is 

, and near t h e  propagation frequency maxima occurring i n  the  various kL 
passbands, LQW group veloci ty  implies high c o l l i s i o n a l  attenuation, so 
t h a t  even though perpendicular propagation i s  f r e e  from cyclotron and 

Landau darnping there  may be strong c o l l i s i o n a l  damping. Since the  

general ly  accepted explanation of t he  "Alouette" resonances i s  now t h a t  

they correspond t o  poin ts  of approximately zero group veloci ty ,  it i s  

e s s e n t i a l  t o  assess the  damping undey such conditions.  The second 

addi t ion required t o  improve our understanding of cyclotron harmonic 

wave pr-upagaticxi is G n ~ m ~ i c z ~  ctnily cf the iii s p r s i o n  r e l a t i o n  of Eq 
f o r  oblique propagation t o  determine the  effect iveness  of cyclotron and 

Landau damping. 

theory i s  a study of the  antenna exc i ta t ion  of these waves. 

car r ied  out along t h i s  l i n e  has already been published.? 

velopment i s  required t o  extend t h i s  t o  p r a c t i c a l  antennas, and measure- 

ments, such as of rad ia t ion  impedance, t h a t  can be made with them, 

(2) 

The t h i r d  extension t h a t  it i s  planned t o  make t o  t h e  

Some worK 

Further de- 

During t h i s  report ing period, progress on the  f i r s t  two top ics  

mentioned has been made, and w i l l  now be deswibed.  

has  not y e t  been tackled,  

dispers ion r e l a t ion  w i l l  be expected t o  break down as  

Studies  of t h e  dispers ion r e l a t ion  under t h i s  condition have been 

described recent ly .  16917 I n  our case, it is f e l t  t h a t  t he  range of 

k-values avai lable  experimentally t o  provide propagation and r inging 

e f f e c t s  wfll be s u f f i c i e n t l y  grea t  f o r  these  e f f e c t s  t o  be observable. 

For t h i s  reason om analyses are  r e s t r i c t e d  a t  present t o  propagation 

within the  quas i s t a t i c ,  or slow-wave approximation. 

The t h i r d  problen 

It may be remarked here t h a t  t h e  q u a s i s t a t i c  

/kl - t O  

Effec t  of Col l is ions on Perpendicular Propagation 

Two d i s t i n c t l y  d i f f e ren t  approaches t o  t h e  dispers ion r e l a t i o n  of 

Ei ther  t h e  f u l l  t ensor  treatment leading t o  Eq. (1) Eq. ( 5 )  may be taken. 
- 6- 
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may be car r ied  through, i n  which case the  f i r s t  moment of the  Boltzmann 

equatlon i s  used t o  obtain the plasma convection current,  

e l e c t r o s t a t i c  treatment can be used d i r e c t l y ,  15918 In  t h i s  case, the  

rf charge decsi ty ,  i O e O ,  zeroth moment, i s  calculated and subs t i tu ted  

i n  Poisson's equation. 

more care  i n  the  choice af form for the  c o l l i s i o n  t e r m  i n  the Boltzmann 

equation i f  t h e  cor rec t  r e s u l t  i s  t o  be obtained. 

t h e  commonly employed form, 

or an 10,14 

It turns  out t h a t  t he  second method requires  

I n  t h e  first case9 

=: v [ r o  - f l  9 

fO i s  adequate, whel-e V i s  the  electron-neutral  c o l l i s i o n  frequency, 

and f a re  the  unpertwbed and perturbed e lec t ron  ve loc i ty  d i s t r ibu -  

t i ons .  I n  t he  second, s ince we a re  ca lcu la t ing  r f  charge density,  it 

i s  e s sen t i a l  t o  employ a co l l i s ion  term t h a t  allows the  p a r t i c l e s  t o  

r e l ax  i n  posi t ion space t o  the l o c a l  density 

unpert.urbed density,  no , corresponding t o  f o  A su i t ab le  approxi- 

mation f o r  t h e  co l l i s ion  term is, 

(no 9 nl) r a the r  t he  

19 

The subsequent ana lys i s  has been given elsewhere," and l eads  t o  t h e  

modified dispers ion r e l a t ion ,  

- 9- 



kL Solutions t o  t h i s  could now be obtained f o r  cu complex and 

r ea l ,  o r  f o r  cu real and k 1 complex. T t  i s  c l ea r  t h a t  exact computa- 

t i o n  of t he  former i s  r e l a t ive ly  uninterest ing:  f o r  a l l  values of k 

t he re  w i l l  be a temporal decrement of. order 

considerable i n t e r e s t  s ince it i s  appropriate t o  s igna ls  propagating 

away from a source. 

car r ied  out f o r  t h i s  case. To begin the  discussion of them, it i s  

convenient t o  start from the  solution t o  Eq. (8) with V = 0 Typical 

curves a r e  shown i n  F igo  4. 
i l l u s t r a t e d  i n  Fig. 5.  T t  w i l l  be noted t h a t  f o r  t h e  r e a l  p a r t  of 

(Fig. 5a3, col l i sons  have l i t t l e  e f f e c t  a t  l a rge  values of 

small k however, t h e  solut ions no longer pass through t h e  points  

(Olil),) = n ( n  = 2,3, > e Examination of t he  imaginary p a r t  of 

ki 

veloc i ty  i s  maximum. It i s  worth noting t h a t ,  numerically, equal r e a l  

or a value of uni ty  for (klR)i ,- imply 

at tenuat ion of over 50 dE3 “j wavelength or/gyroradius, respect ively.  The 

and imaginary p a r t s  of 

implication i s  t h a t  c o l l i s i o n  damping may be extremely high over wide 

ranges of (klR)r unless ( V / u c >  i s  extremely small. 

I ’  
(V /cu> The l a t t e r  i s  of 

Computer ca lcu la t ions  based on Eq. (8) have been 

The e f f e c t s  of introducing co l l i s ions  a r e  

k_l 
kL For 

1 
(Fig. 5b) ind ica tes  i n f i n i t e  a t tenuat ion as the  harmonics a re  

P 

aF~rcsched3 and- F 3 E i E E  cCrres2Dsding rlcXe1y t.c? p i n t s  vhere the grA’Lp 

Cyclotron and .Landau Damping 

Equation 2 states the  dispersion r e l a t i o n  f o r  oblique propagation, 

Computations of it a re  very d i f f i c u l t  t o  program and tedious t o  car ry  

out, f i r s t  because the  in t eg ra l  formulation f eas ib l e  f o r  t he  case of 

perpendicdar  propagation i s  no longer applicable,  and second because 

each term of t he  i n f i n i t e  s e r i e s  involves evaluation of t h e  complex 

e r r o r  function. However, a f t e r  considerable e f f o r t ,  t h e  dispers ion 

funct ion has been programmed t o  give accurate  solut ions.  The rout ines  

f o r  the  complex error function evaluation have been checked against  

published tab les ,  and work of Derf ler  and Simonen car r ied  out a t  

Stanford. 
2 2  Figure 6 shows so lu t ions  for two values of (wp/ac) e In  these  

& has been assumed t o  be r ea l ,  and complex values of cu have been 

- 10- 
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computed, 

passband, and t h a t  t h e  imaginary p a r t s  increase very rap id ly  with (k R) 

pa r t i cu la r ly  f o r  downgoing solut ions,  Again it i s  worth remarking that, 

numerically, a value of uni ty  fo r  

50 dB/cyclotron period. 

than about 10' off exact perpendicularity,  a t tenuat ion of t h i s  order 

would be encountered, i , e .  wave propagation w i l l  normally only be ob- 

servable i n  a narrow angular range near 

It w i l l  be noted tha t  two so lu t ions  a r e  obtained i n  each 

ll 

( U / W ~ ) ~  implies a t tenuat ion of over 

The implication i s  tha t ,  f o r  propagation more 

(n/2) t o  the magnetic f i e l d .  

B, EXPERI.MEN"AL STUDIES OF CYCLOTRON HARMoMlC WAVE PROPAGATIOH IN PLASMAS 

Project N o ,  1309 - F, W. Crawford, €3. S. Harp, and H .  H ,  Weiss 

The main purpose of t h i s  project  i s  t o  ve r i fy  the  predict ions of 

Eys. (21, (71 and (8). If the measured and theo re t i ca l  dispers ion 

L C L U C , ~ ~ ~ ~ ~  ai = 13u-L L L L L b a A v A J  - A v w - ,  it chc\"7? he F,ngsihl e t o  iise cyclotron 

harmonic waves f o r  measurement of plasma and cyclotron frequency, i . e .  

e lec t ron  densi ty  and magnetic f i e ld ;  e lec t ron  temperature, and co l l i s ion  

frequency. In  the  ionosphere, where co l l i s ions  a re  comparatively rare ,  

it m y  a l s o  be possible  t o  extend the  technique t o  measurements of these  

parameters re levant  t o  the  varfous ion ic  cons t i tuents ,  

---I - A 2  --I --,. -.. ec,' ,-.< hm+l,T nl cIcp 

ll Our i n i t i a l  experiments are a continuation of those begun i n  1964 
under an NSF grant  which has  since expired. A schematic of t he  experi-  

mental discharge tube i s  shown i n  Fig,  7 Mercury-vapor a t  a pressure 

of about l om3  mm Hg i s  used as t h e  working gas,  

t o  one antenna, and the  signal recetve8 on t h e  other  i s  recorded f o r  

d i f f e r e n t  values of discharge current  and magnetic f i e l d ,  Typical 

records a r e  as shown i n  Fig. 8, 
t h a t  t h i s  measurement i s  e f fec t ive ly  a determination of t he  va r i a t ion  

of impedance of t he  plasma between t h e  two antennas. 

these measurements may serve t o  ve r i fy  the  correctness  of t h e  cyclotron 

harmonic wave dispers ion re la t ion  s ince t h i s  i s  involved i n  t h e  computa- 

t i o n  of t he  impedance, which i s  determined by t h e  following sequence of 

s teps .  Charges +Q and -Q a r e  assumed on t h e  two antennas. Since 

the  geometry i s  known, t h i s  e f fec t ive ly  determines the  e l e c t r i c  d i s -  

placement, D as a function of the  space coordinates. Fourier  

An rf signal is applfed 

21,22 
L t  has been pointed out by Harp 

I n  pr inciple ,  
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transformation w i l l  then give D as a function of ., Now D can 

be replaced by (7 0 @) s o  t h a t  6 can be determfned as a funct ion 

of & Transformation of $ back t o  coordinate space gives  the  

values of t he  po ten t i a l  a t  the two wires. Since Q and $ a re  now 

known? t3e capacftance between t h e  wires i s  completely determined. 

Since t h i s  quant i ty  i s  computed using the  form of 

a warm magnetoplasma, comparison of the  measured and predicted impedance 

w i l l  serve t o  ver i fy  the  theory of E 

P 

cf 
E appropriate t o  
P 

t) 

P 
Naturally, t he  ana ly t ica l  s teps  i n  t h e  impedance calculat ion j u s t  

described are  simpler t o  s t a t e  than t o  car ry  out, and su i t ab le  approxi- 

mations a re  required. 

t o  be expected from such an a n a l y s i s ,  

t h e  theo re t i ca l  aspects  must be considered f u r t h e r ,  

when the  theo re t i ca l  work described i n  Section 1P.A has been completed. 

For the  moment, experiments of t h i s  nature have been suspended i n  favor 

of an a l t e rna t ive  approach suggested by Harp. ””’ This i s  based on an 

observation o r ig ina l ly  nade by Tanaka and KuboJ2’ t h a t  the  usual major 

peaks i n  cyclotron harmonic noise rad ia t ion  a re  f requent ly  associated 

with s e r i e s  of small subsidiary peaks ly ing  between them. These were 

explained by Buchsbaum and Hasegawae4 as being due t o  standing cyclotron 

harmonic waves trapped i n  the  cen t r a l  higher densi ty  core of t h e  plasma. 

This implies t h a t  measurements on t h e  peaks can give d l r e c t  information 

on the form of the  cyclotron harmonic wave dispers ion re la t ion .  

measurements were made by Harp  21’22 using a movable probe system t o  

determine wavelength, and varying the  parameters o and (19 H i s  

i n i t i a l  r e s u l t s  have shown good agreement between the  experimental da t a  

and the  curves of Fig. 2 -  

The experiments show qua l i t a t ive ly  t h e  f ea tu res  

T o  obtain quant i ta t ive  comparisons, 

This w i l l  be done 

Such 

C P 

Attempts were made t o  carry out dispers ion measurements of t h e  type 

described above, but as w i l l  be appreciated from Fig.  8 t h e  subsidiary 

resonances a r e  only very weakly exci ted i n  mercury-vapor. 

reason: w e  have been working recent ly  on t h e  modification of a continu- 

ously pumped system i n  which it i s  intended t o  use r a r e  gases. 

data of t he  Japanese group23 and of Harp 21’22 ind ica t e  t h a t  under these  

conditions s t rong subsidiary resonances are excited.  

f o r  t he  conditions under which our fu tu re  work w i l l  be car r ied  out are 

For t h i s  

The 

Typical records 

shown i n  Fig. 9.  - 23- 



0.5 
FIG. 9a Transmission curves with varying current and spacing. Argon a t  

-4 3.10 mm Hg. ( the  curves have been separated v e r t i c a l l y  for 

char i ty) .  ( a r t e r  Harp Ref. 22) 
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c ,  MPERIMENTS ON "ALOUETTE" PLASMA RESONANCES 

Project  No. 1309 - F. W. Crawford, R. S. Harp, and H. H. Weiss 

The main in ten t ion  of t h i s  p ro jec t  i s  t o  reproduce the  "Alouette" 

r ing ing  phenomenon i n  t h e  laboratory.  

countered i n  doing t h i s  are  due t o  the  increased working frequencies 

required,  and the  proportionately g rea t e r  inf luence of co l l i s ions .  The 

s a t e l l i t e  t r ansmi t t e r  covered the frequency range 0.5 - 12 Mc/s, and 

was pulsed on f o r  100 ps. Ringing pers i s ted  f o r  a few ras. The l o c a l  

c o l l i s i o n  frequency would be of t he  order of lO/sec. It i s  not f e a s i b l e  

t o  sca le  these  values t o  the  mercury-vapor discharge employed i n  our 

i n i t i a l  experiments (see Fig. 7) s ince the  c o l l i s i o n  frequency i s  of 

order 10 /sec. 

modulator ava i lab le  was 450 Mc/s giving (v/cu) = 0.005 . Since a decay 

The p r inc ipa l  d i f f i c u l t i e s  en- 

7 The m a x i m  frequency t h a t  could be used with the  

+;mn VIIIIL-CVLLUVUII..V rrh"l"+on+ cf LOO IIC T."C expecteci dlie to cn l l i s lons ;  And the 

modulator fa l l - t ime was of the o r d e r o f ' l 0 0  nsp  the  experiment w a s  ex- 

pected t o  be a marginal one. I n  the  event, no r inging could be observed. 

An addi t iona l  source of damping t h a t  may have influenced the  r e s u l t s  

was the  a x i a l  d r i f t  of the electrons i n  the  discharge tube. This i s  of 

the  order of 2.10 

"memory" of the  pulse would be completely l o s t  i n  t i n e s  of the  order of 

300 ns.  

7 cm/sec, so t h a t  with the 7 cm exc i ta t ion  antenna used 

To improve the  experimental conditions,  a bettermodulatcar has been 

purchased. 

improve the  f a l l - t ime  of the  pulse. The experiments are  now being pre- 

pared i n  the  r a r e  gas se t -up  described i n  Section 1I.B which w i l l  a l s o  

give one t o  two orders of magnitude lower c o l l i s i o n  frequency than the  

mercury-vapor discharge. 

This w i l l  allow us t o  double the  working frequency, and 

An addi t iona l  s e r i e s  Qf experiments employing a pulsed microwave 

s igna l  w a s  attempted i n  the  mercury-vapor discharge tube shown i n  Fig. 10. 

The discharge was produced by r f  a t  about 30 Mc., and was immersed i n  

the  magnetic f i e l d  of two la rge  Helmholtz c o i l s .  The tube contained 

three  p a r a l l e l  wire dipole antennas. 

t o  pulse the microwave s igna l  applied t o  one of these,  and t o  measure 

The objec t  of t he  experiment was 

-23- 
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t he  delay before a r r i v a l  of the s igna l  a t  one of t he  others .  This gives  

a measure of t he  group velocity,  which can then be compared with the  

slope of the  dispers ion curves p lo t t ed  i n  Fig. 2. Similar d i f f i n u l t i e s  

were encountered i n  t h i s  experiment t o  those described above on the  

resonances. The a t tenuat ion  per u n i t  dis tance i s  of order (V/vg) , 
where the  maximum value of the  group ve loc i ty  v i s  only a f r ac t ion  

of the  thermal ve loc i ty  (-10 cm/s i n  these experiments). Hence heavy 

a t tenuat ion  of t he  pulse occurred. D i f f i c u l t i e s  were a l so  encountered 

i n  t he  phasing of the  microwave tone-burst  so t h a t  quant i ta t ive  measure- 

ments were not  possible .  The main fea tures  of Fig. 5 were observed, 

however, i . e . ,  t h a t  t he  at tenuat ion and group delay were minimum a t  f r e -  

quencies s l i g h t l y  i n  excess of 170) The experimental t roubles  w i l l  

be considerably eased i n  the  new set-upj  and good q u a l i t a t i v e  r e s u l t s  

should be obtainable.  

g a 

C 
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111 FUTURE PROGRAM 

I n  the  remaining s i x  months of t h i s  research grant, it i s  hoped t o  

complete the  computations of cyclotron and Landau damping f o r  both 

(complex w , r e d  k l )  and (complex kl and r e a l  w) I f  there  

i s  time, a start  w i l l  then be made on com&ting the  impedance between 

two wires i n  a w a r m  magnetoplasma so t h a t  the  transmission measurements 

i n  Section 1 I . B  can be in te rpre ted  quant i ta t ive ly .  

On the  experimental side,  it i s  expected t h a t  t he  continuously- 

pumped system being modified f o r  temporary use i n  t h i s  work w i l l  be i n  

operation soon, and t h a t  the  use of argon a s  the  working gas, and s igna l  

frcquczcies cf t h e  erder  ~f 800 M r / s ,  w i l l  permit us t o  car ry  out prec ise  

experiments of the  following kinds: f i r s t ,  d i r e c t  v e r i f i c a t i o n  of t he  

dispers ion curves f o r  perpendicular propagation shown i n  Fig. 2, second 

pulsed measurements of ringing, and group ve loc i ty ,  and th i rd ,  i f  time 

permits, an inves t iga t ion  of the resonance probe p o t e n t i a l i t i e s  of 

t he  cyclotron harmonic resonances 

,,25 

-26- 



I Y 

Y 

IV. REPORTS, CONFERENCE PAPERS, AND PUBLICATIONS RESULTING 

FROM RESEAXCH GRANT NGR 05-020-077 

1, Tataronis,  J. A . ,  and Crawford, F. W . ,  "Cyclotron and Col l i s ion  
Damping of Propagating Waves i n  a Magnetoplasma," 

IPR 27 ($+gust 1965). 
*Proc. 7 In t e rna t iona l  Conference on Phenomena i n  Ionized Gases, 
Belgrade, Yugoslavia, August 1965 ( t o  be published) 

2 a Crawford, F. W.,  "European Travel Report," 
IPR 35 (October 1965). 

Semiannual Report No. 1 (1 May - 31 October, 1963) 
IPR 39 (November 1963) . 3. 

IF'R = I n s t i t u t e  f o r  Plasma Research Report 

* = Conference Presentation. 
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